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Richard Guzman July 22, 2013
NRC Petition Manager

US NRC

Richard .Guzman@nrc.gov
Re: G20130211
Dear Mr. Guzman,

We would like to submit the attached documents to the Petition Review Board to supplement the petition
filed by Citizens Awareness Network, Alliance for a Green Economy, Vermont Citizens Action Network
and Pilgrim Watch cencerning Entergy and its subsidiaries' financial qualifications to operate FitzPatrick,
Vermont Yankee and Pilgrim reactors.

1. Entergy's Preliminary 2™ Quarter Earnings Guidance. This article provides some updated
information on the financial performance of Entergy Wholesale Commodities in the second quarter of
2013. In keeping with the predictions already cited in our petition, Entergy saw lower second quarter
earnings, attributed to continued low energy prices, and also to refueling and unplanned power outages.
The refueling outages totaling 50 days at Pilgrim and Vermont Yankee are mentioned in the article as
contributing to lower revenue and hurting company performance, but it should be noted that this average
outage length of 25 days is within industry performance standards, and well above historical standards in
the industry. Additionally, unplanned outages and power changes continue to plague the reactors at
issue in our petition. At our hearing in April, we noted that the UBS predictions were likely best-case
scenarios for Entergy's earning potential at the reactors in question because of very high percentages of
uptime. We believe this recent second quarter report illustrates that Entergy continues to struggle
financially due to the squeeze of energy prices and age-related outages.

2, Reports Regarding Entergy's Workforce Reductions. Entergy has announced plans to cut its
workforce, and media reports last week predict major workforce reductions at Entergy nuclear facilities.
While the extent of the reductions at the plants named in our petition have yet to be announced, there is
already media reporting about significant workforce reductions at Vermont Yankee. We believe these
developments are relevant to our petition and should raise further concern at NRC about Entergy's cost-
cutting measures.

3. “Renaissance in Reverse: Competition Pushes Aging U.S. Nuclear Reactors to the Brink of
Economic Abandonment” by Mark Cooper, Senior Fellow for Economic Analysis, Institute for
Energy and the Environment. Vermont Law School. This newly released analysis identifies several
factors that have contributed to recent nuclear plant closures and identifies currently operating reactors

in the US that have those risk factors. We call your attention to this report because it sums up several of
the investment community's reports on economic distress in the U.S. nuclear fleet, and because it lists all
three reactors named in our 2.206 petition in the list of reactors with particularly intense challenges.

Thank you for your continued attention to these important issues.
Sincerely,
/s/ /sl

Jessica Azulay Deb Katz
Organizer, Alliance for a Green Economy Executive Director, Citizens Awareness Network
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Entergy Provides Preliminary Second
Quarter Earnings Guidance

Published Tuesday, Jul. 16, 2013

NEW ORLEANS, July 16, 2013 -- /PRNewswire/ -- Entergy Corporation (NYSE: ETR) today
indicated that it expects second quarter 2013 as-reported eamings of approximately $0.91 per
share and operational eamings of approximately $1.00 per share. Results for second quarter
2012 were $2.06 per share on an as-reported basis and $2.11 per share on an operational
basis. Entergy also affirmed previously issued operational eamings guidance for 2013.

(Logo: http://photos.pmewswire.comy/pmh/20120913/MM7434SLOGO)

As-reported results are prepared in accordance with generally accepted accounting principles
(GAAP) and are comprised of operational eamings (described below) and special items. Special
iterns were recorded for:

s expenses associated with the implementation of the human capital management
strategic imperative in second quarter 2013 and

¢ expenses associated with the proposed spin-off and merger of Entergy’s electric
transmission business with ITC Holdings Corp. in the second quarters of 2012 and 2013.

Utility

The decrease in Utility second quarter 2013 operational eamings was due primarily to
substantially higher income tax expense than the prior year. The prior year period reflected the
effect of an agreement reached with the Interal Revenue Service regarding storm cost
financings in Louisiana, significantly reducing second quarter 2012 income tax expense. Also
contributing to lower results were higher non-fuel operation and maintenance expense and
higher depreciation expense.

Higher Utility net revenue provided a partial offset to these items. Second quarter 2012 net
revenue reflected a regulatory charge for customer sharing of the benefits of the IRS
agreement noted above. Pricing adjustments due to nuclear and combined cycle natural gas-
fired-generation investments placed in service in 2012 also contributed to the net revenue
increase. Partially offsetting was lower sales volume, including the effects of weather.
Weather was below normal in second quarter 2013 compared to the warmer-than-normal
temperatures experienced one year ago.

Entergy Wholesale Commodities

The quarter-over-quarter decrease in operational eamings at Entergy Wholesale Commodities
was due primarily to lower net revenue and higher decommissioning expense, partially offset by
lower income taxes. A decommissioning liability adjustment reduced decommissioning expense
in second quarter 2012 due primarily to an updated decommissioning cost study.

The decrease in EWC net revenue was driven by lower volume and energy prices on EWC's
www.sachee.cony2013/07/16A-print/5569525/entergy-provides- preliminary-second.html 13
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nuclear fleet. Nuclear production declined due to more unplanned and refueling outages.
Refueling days at Pilgrim Nuclear Power Station and Vermont Yankee Nuclear Power Station
totaled 50 days in second quarter 2013, versus 35 days at two other plants for the same
quarter last year.

Parent & Other

In the Parent & Other disclosure segment, results declined during the quarter due to an
increase in income tax expense on Parent & Other activities. Second guarter 2012 benefited
from a favorable federal appeals court decision affirming Entergy's entitlement to claim foreign
tax credits for the U.K. Windfall Tax.

Earnings Guidance

Entergy affirmed its previously issued 2013 operational eamings guidance to be in the range of
$4.60 to $5.40 per share.

Entergy will report second quarter eamnings results before the market opens on Tuesday, July
30, 2013, and host a teleconference at 10 a.m. CT that day to discuss the eamings
announcement. The teleconference may be accessed by dialing (719) 457-2080, confirmation
code 4532989, no more than 15 minutes prior to the start of the call. The call and
presentation slides can also be accessed via Entergy's website at www.entergy.com. A replay
of the teleconference will be available for seven days thereafter by dialing (719) 457-0820,
confirmation code 4532989,

Entergy Corporation, which celebrates its 100th birthday this year, is an integrated energy
company engaged primarily in electric power production and retail distribution operations.
Entergy owns and operates power plants with approximately 30,000 megawatts of electric
generating capacity, including more than 10,000 megawatts of nuclear power, making it one of
the nation's leading nuclear generators. Entergy delivers electricity to 2.8 million utility
customers in Arkansas, Louisiana, Mississippi and Texas. Entergy has annual revenues of more
than $10 billion and approximately 15,000 employees.

Additional investor information can be accessed online at
" www.entergy.convyinvestor_relations,

In this news release, and from time to time, Entergy makes certain "forward-looking
statements” within the meaning of the Private Securities Litigation Reform Act of 1995,
Except to the extent required by the federal securities laws, Entergy undertakes no obligation
to publicly update or revise any forward-looking statements, whether as a result of new
information, future events or otherwise.

Forward-looking statements involve a number of risks and uncertainties. There are factors
that could cause actual results to differ materially from those expressed or implied in the
forward-looking statements, including (a) those factors discussed in: (i) Entergy's Form 10-K
for the year ended Dec. 31, 2012, (ii) Entergy's Form 10-Q for the quarter ended March 31,
2013 and (iii) Entergy's other reports and filings made under the Securities Exchange Act of
1934, (b) uncertainties associated with rate proceedings, formula rate plans and other cost
recovery mechanisms; (c) uncertainties associated with efforts to remediate the effects of
major storms and recover related restoration costs; (d) nuclear plant relicensing, operating
and regulatory risks, including any changes resuiting from the nuclear crisis in Japan following
its catastrophic earthquake and tsunami; (e) legislative and regulatory actions and risks and
uncertainties associated with claims or litigation by or against Entergy and its subsidiaries; (f)
conditions in commodity and capital markets during the periods covered by the forward-
looking statements, in addition to other factors described elsewhere in this release and
subsequent securities filings and (g) risks inherent In the proposed spin-off and subsequent
merger of Entergy's electric transmission business with a subsidiary of ITC Holdings Corp.
Entergy cannot provide any assurances that the spin-off and merger transaction will be

www.sacbee.conmy2013/07/16Aprint/5569525/enterg y-provides-preliminary-second htm
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completed and cannot give any assurance as to the terms on which such transaction will be
consummated. The spin-off and merger transaction is subject to certain conditions
precedent, including regulatory approvals.

SOURCE Entergy Corporation

» Read more articles by Entergy Corporation
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Entergy expects workforce reduction

BY TED GRIGGS
Advocate business writer

New Orleans-based Entergy Corp. expects an undetermined number of layoffs to result
from efforts to increase efficiency, the company said Tuesday after releasing second-
quarter earnings estimates.

In an earnings forecast that’s less than half what it was a year ago, Entergy, the largest
corporation based in Louisiana, said its second-quarter results will include expenses
associated with its “human capital management strategic imperative.”

In response to questions about that imperative and potential layoffs, the company
issued a statement.

“We have a number of companywide strategic imperatives underway examining how we
meet both the challenges and opportunities of today’s business realities,” company
spokesman Chanel Lagarde said in the brief statement.

“One specific initiative is focused on finding ways to increase efficiencies in all parts of
our business.

“We do expect workforce reductions to be one result of this initiative.”

The company said it does not have “final specifics at this time regarding who or how
many employees will be affected.”

Entergy has been working to get regulatory approval to sell its 15,400 miles of
high-voltage transmission lines and substations to ITC Holdings Corp. Once the $1.8
billion deal goes through, local regulators will turn over most of their oversight authority
to federal regulators.

In addition, Entergy will join the 13-state Midwest Independent Transmission System
Operator Inc., based in Carmel, Ind. Midwest Independent will manage the transmission
lines. Entergy says the move will save customers more than $1.4 billion over the next
decade.

The company’s earnings forecast Tuesday noted expenses associated with the proposed
spinoff and merger of Entergy’s electric transmission business affected the second
quarters of 2012 and 2013.

It also cited expenses associated with “the implementation of the human capital
management strategic imperative.”

lof2 7/21/2013 8:45 PM
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Entergy said its second-quarter profit also was hit by substantially higher income taxes
on its utility segment.

Entergy estimated its second-quarter earnings at 91 cents per share compared with
$2.06 a year earlier.

Entergy noted that for the same period last year, the company and the Internal Revenue
Service worked out an agreement on financing storm costs in Louisiana, which reduced
the company’s tax bill for that quarter.

The estimated 91 cents in per-share earnings this year are well below the $1.38 per share
projected for the second quarter by Wall Street analysts surveyed by Thomson Reuters.

Entergy said it still expects 2013 earnings in the range of $4.60 to $5.40 per share.

Entergy will report second-quarter earnings results before the stock market opens on
July 30.

Copyright © 2011, Capital City Press LLC « 7290 Bluebonnet Blvd., Baton Rouge, LA 70810 « All Rights
Reserved
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Vermont Yankee owner: ‘Expect workforce reductions’
Posted By Andrew Stein On July 18, 2013 @ 7:59 pm In Regent | 22 Comments

[L

Vermont Yankee cooling tower collapse, 2007

Entergy Corp., which owns the Vermont Yankee nuclear plant, is preparing to cut back its labor force in
an effort to reorganize the company.

“We do expect workforce reductions to be one result of this initiative,” national spokesman Chane!
Lagarde said in a statement Thursday. "We don’t have final specifics at this time regarding who or how
many employees will be affected. We remain focused on all our key stakeholders throughout this
process, and we will deal fairly and communicate openly and honestly.”

A source inside the Vernon plant says managers are telling workers that the company could lay off 10
percent of the facility’s roughly 650 workers.

This news comes shortly after Entergy announced that it anticipates decreased earnings In the second
quarter of 2013, dropping from $2.11 a share last year to an estimated $1 per share. Representatives
of the Louisiana-based company said in a hews release [2] that the decrease is due to “substantially
higher income tax expense.”

Mark Cooper, a senior economics fellow at Vermont Law School, published a paper Wednesday titled,
“Renaissance in Reverse: Competition Pushes Aging U.S. Nuclear Reactors to the Brink of Economic
Abandonment [31.” Cooper drew from the Wall Street reports of Moody’s, UBS and Credit Suisse for his
analysis.

“Economic reality has slammed the door on nuclear power,” Cooper concluded. “In the near-term old
reactors are uneconomic because lower cost alternatives have squeezed their cash margins to the
point where they no longer cover the cost of nuclear operation ... In the long term new reactors are
uneconomic because there are numerous low-carbon alternatives that are less costly and less risk
(sic).”

In 2013, the fair value of the Vermont Yankee nuclear plant fell 69 percent, from $517.5 million to $162
million [4]. UBS Securities [5! downgraded Entergy Corp.’s stock from “neutral” to “sell.” The Swiss
financial services firm also projected the closure of an Entergy nuclear facility in 2013, saying "Vermont

Yankee is the most tenuously positioned plant.” (6]

An internal document provided to VTDigger about “"Entergy’s Human Capital Management initiative”

vdigg er.org/2013/07/18/vermont- yankee-owner-expect-workforce-reductions/print/
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shows that Entergy employees are essentially being asked to reapply for their jobs.

“We are staffing our new organization using a selection process to help us match employees’
knowledge, skills and abilities with future jobs in the organization,” the document says.

The document contains almost 18 pages of questions and answers and doesn't cite an exact number of

layoffs or where they might occur. But the document does indicate that layoffs are coming.
"Will layoffs occur as a result of HCM?” one question asks.
“Yes. As a result of the redesign of the organization, some jobs will be eliminated.”

Rob Williams, spokesman for Vermont Yankee, referred questions about layoffs to Lagarde, who would
not add to the prepared statement,

22 Comments To "Vermont Yankee owner: ‘Expect workforce reductions’™

#1 Comment By Moshe Braner On July 18, 2013 @ 8:21 pm

We should get more money from Entergy into the insufficient decommissioning fund before they go
“DOOf”-

#2 Comment By Peter Liston On July 18, 2013 @ 10:48 pm
Meanwhile Entergy CEO ). Wayne Leonard makes $19.51 million per year (Forbes).

#3 Comment By Mike Kerin On July 19, 2013 @ 6:10 am

Moshe and Peter both make good points. My point is, how many people will be hurt when there are not

enough there to keep the plant running safely?

I know , safety is up to the NRC and I am not allowed to mention it.

#4 Comment By david klein On July 19, 2013 @ 6:37 am

Is the bottom line safety or profit? I really want to know .~

#5 Comment By Bud Hags On July 19, 2013 @ 7:40 am

Love this line:

7 We remain focused on all our key stakeholders throughout this process, and we will deal fairly and
communicate openly and honestly.”

Hah!

#6 Comment By John Greenberg On July 19, 2013 @ 8:59 am

Correction: Safety IS up to the NRC, as you say, but you most certainly ARE allowed to mention it.
Citizens are not preempted, and in fact, neither are state officials. States may not REGULATE nuclear

safety, but they are certainly free to discuss safety issues. DPS is a regular intervenor in NRC
proceedings conceming VY, for example and has been for decades.

#7 Comment By Bob Stannard On July 19, 2013 @ 10:36 am
Do any of you recall the battle that we fought in the State House over whether or not the legislature
should allow the plant to continue to operate beyond its expiration date?

I do, because [ was there and what I saw was Entergy using its employees as a shield, which they
could hide behind. They've been trotting cut their faithful employees not only in the building, but with

wdigger.org/2013/07/18/vermont-yankee-owner-expect-workforce-reductions/print/
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letters to the editor with the employees falling on the sword of support for this company.

And what reward do these faithful employee receive for their hard work? 10% of them get laid off. Nice.
Real nice.

I always said that the employees were exploited pawns in this game. This great story by Andrew Stein
now proves it to be true.

#8 Comment By Wayne Andrews On July 19, 2013 @ 12:26 pm

if 65 employees getting the pink slip is such a harsh measure to the liberals out there just what do
suppose the impact would be if a closure results in 650 pink slips?

#9 Comment By Willem Post On July 19, 2013 @ 3:20 pm

Wayne,

Much worse, because the 650 are highly-paid (and paying various taxes), and spend much of their
money for goods and services in the local economy (sales taxes) which keeps at least 1000-1500
OTHER people employed (and paying taxes) in various businesses that provide goods and services to
VY workers and the VY plant.

IBM just laid of about 400 plus highly-paid people which will have a similar multiplier effect as would VY,

All this per Economics 101.

#10 Comment By jim buttkowski On July 19, 2013 @ 3:23 pm

Wayne, why does one have to be a liberal to think of this as a “harsh measure?” The real point here is
financial stability... this is a nuclear plant after all...people like to think that an operator of a Nuke plant
is financially sound. It all comes down to money...no one wants to see 650 or even 65 people lose their
jobs.. but we do want to see the owner operator of the this Nuke plant act resposibly, honestly, and
safely

#11 Comment By Jim Barrett On July 19, 2013 @ 5:21 pm

Ask Shumlin how much stock he owns that is in direct competition with VTY? Ask Shumlin how he
justifies using millions in tax payers monies to shut down a great company without revealing his
PERSONAL INVESTMENTS! The media is asleep at the wheel and those in the know understand what is
going on.....a complete attack on a private company that is not justified and the worst part of this scam
is the media knows it and won't report on it because they are in bed with Shumlin!

#12 Comment By Fred Woogmaster On July 19, 2013 @ 6:48 pm

If you KNOW of the ‘personal’ investments you refer to, please state them or provide a reference;
otherwise your comment is of no value.

#13 Comment By John Greenberg On July 19, 2013 @ 8:50 pm

“Ask Shumlin how he justifies using millions in tax payers monies to shut down a great company ...”
Three points: 1) Entergy sued Vermont (actually at least 3 times now), not the other way around.

2) The State of Vermont has not spent millions to defend itself, In all of the suits combined, it may, by
now have spent $1 million, though I rather doubt the figure’s that high yet. The most time consuming of
the cases cost about $400,000 in the lower court, where Entergy, on the other hand, spent $4.5
million,

3) The preemption and tax cases are being handled by the AG’s office. If you really must aim worthless,
undocumented, irresponsible comments about conflict of interest at someone, they should be directed
to Bill Sorrell, not Peter Shumilin.

#14 Comment By Rob Simoneau On July 19, 2013 @ 10:35 pm
wdigger.org/2013/07/18vermont-yankee-owner-expect-wor kforce-reductions/print/
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"Tokyo Electric Power Company says the number of early retirees jumped to over 700 in the last fiscal
year from about 130 in fiscal 2010, before the plant [Fukushima Daiichi] was hit by a nuclear accident. It
says more than 1,200 employees quit in the period from the accident to last month. About 40 percent of
early retirees in the last fiscal year were in key positions when they decided to leave the company.
TEPCO says it has a sense of crisis that its business, including power generation and affairs related to
nuclear accident compensation, could be hampered.” Source NHK

Again no discussion with regard to the human cost. Please remember radiation polsoning has an
incubation of about 4-5 years, especially for children.

I agree nobody want to see these people lose their jobs but Entergy is playing with our lives and
environment. The plant will soon experience a major failure. Decommission Vermont Yankee now.
Decommissioning will take at least 10 years. Fukushima Daiichi will take 40 years and the current cost is
140 billion and counting. Source NHK

#15 Comment By Bob Stannard On July 20, 2013 @ 7:03 am

To John Greenberg: Let's not confuse Mr. Barrett with facts,

Mr. Barrett, you are sounding borderline delusional here. You may recall that the Senate vote to not
allow the continued operation of the VY plant was an overwhelmingly bipartisan vote, Even Senator
Randy Brock voted against VY,

Why? Because the executives of this company lied to Vermonters and allowed this plant to leak
radiation into the ground. The members of the Vermont Senate realized that Entergy was not a
trustworthy partner. There was a time when Entergy enjoyed good relations with Vermont, but that
time has long since past. And the reason it has passed is because of their own actions. They have no
one to blame but themselves,

And Mr. Greenberg is correct; it is Entergy who is suing Vermont; not the other way around.
#16 Comment By Bob Stannard On July 20,2013 @ 7:13 am
Mr. Barrett, perhaps you should read this brief article on the Cooper report: {7l

#17 Comment By Bob Stannard On July 20, 2013 @ 7:18 am

Also, Mr, Barrett, Gov. Shumlin has not used one dime of taxpayer dollars shutting down this company.
This company opted to sue Vermont (not the other way around).

They sued us over a bipartisan vote that reflected a loss of faith with Entergy. Even Sen. Randy Brock

voted against them (he has since changed his position, but knew what he was doing at the time of the
vote).

Entergy's problems are the direct results of Entergy’s actions.

#18 Comment By Norma Manning On July 20, 2013 @ 10:00 am

Something not being discussed here is that these projected job losses are private sector and not public
sector jobs. Can you imagine the impact on both the regional and state economy if we were to lose all
650 jobs at Vermont Yankee this fall? Yes the state ended the fiscal year with $26 million more than
expected, but that was with tax increases and before IBM eliminated 400+ high paying private sector
jobs. Additionally, we are in danger of losing our Vermont Air Guard base in Burlington. Think domino
effect/negative growth,

#19 Comment By Peter Liston On July 20, 2013 @ 10:34 am

“including competition from lower-cost energy sources, falling demand, safety retrofit expenses, costly
repairs, and rising operating costs” AND PLUMMETING STOCK VALUE ... and still the company executives
are paying themselves 8 figure salaries.

Theyre shoveling money out of the company while it falls apart around them,

vdigger.org/2013/07/18hermont-yankee-owner -expect-wor iorce- reductions/print/
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#20 Comment By Bob Stannard On July 21, 2013 @ 6:44 am

Right Ms. Manning and those jobs will be lost just as soon as Entergy’'s CEQO determines that this plant
is no longer viable, which according to most financial institutions is not very far off.

But remember, this Is a nuclear plant. They can’t just walk away from it There wlil be many people
working for a long time to decommission the plant. Will the jobs be the same? Of course not, but the
loss will be reduced somewhat.

#21 Comment By Pete Novick On July 21, 2013 @ 7:13 am

“In this world there are only two tragedies. One is not getting what one wants, and the otheris
getting it.”

~ Oscar Wilde, Lady Windermere's Fan
Also,
*There are two tragedies in life. One is not to get your heart’s desire. The other is to get it.”

- George Bernard Shaw, Man and Superman

#22 Comment By John Greenberg On July 21, 2013 @ 10:03 am

If you're Interested in reading analysis of the impacts of closing VY, considerable testimony on precisely
this topic has been presented in the Public Service Board docket (7682) for a new CPG for vy: [8],

Entergy’s arguments are presented by Richard Heaps. They were rebutted in direct testimony by
Thomas E. Kavet and Nicholas Q. Rockler and then in surrebuttal testimony by Robert Unsworth (which,
for some reason, is not posted on the website above, but is, I'm sure, available from either the PSB or
from DPS),

Long story short, the State witnesses contend that the long-term effects are likely to be quite minor, as
they have been at the other New England nuclear plants already closed. Many of these workers will be
needed for post-shutdown closure, whether or not decommissioning is immediate or, as Entergy
currently contends, it is mothbalied untit the funds are available to complete decommissioning. Many
others — highly paid construction workers, truckers, etc. — will be required to actually decommission
the plant. It is also worth noting that with all of the power lines converging on the site and other
infrastructure, it is an idea location for a new generating plant (hopefully and almost certainly not
nuclear), and is therefore unlikely to out of use for very long.

Fair disclosure requires that I note that I submitted comments (unofficially) rebutting Mr, Heaps’s nearly
identical testimony in comments in the previous CPG Docket, #7440,

Article printed from VTDigger: hittp://vtdigger.org

URL to article: http://vtdigger.org/2013/07/18/vermont-yankee-owner-expect-workforce-
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EXECUTIVE SUMMARY

Although Wall Street analysts expressed concerns about the economic viability
of the aging nuclear fleet in the U.S,, the recent early retirements of four nuclear
reactors has sent a shock wave through the industry. One purely economic retirement
(Kewaunee, 1 reactor) and three based on the excessive cost of repairs (Crystal River,
1 reactor, and San Onofre, 2 reactors), in addiuon to the cancellation of five large
uprates (Prairie Island, 1 reactor, LaSalle, 2 reactors, and Limerick, 2 rectors), four by
the nation’s large nuclear unlity, suggest a broad range of operational and economic
problems.

These early retirements and decisions to forego uprates magnify the importance
of the fact thar the “nuclear renaissance” has failed to produce a new fleet of reactors
in the U.S. With little chance that the cost of new reactors will become competitive
with low carbon alternatives in the time frame relevant for old reactor retirement
decisions, a great deal of attention will shift to the economics of keeping old reactors
online, increasing their capacity and/or extending their lives.

The purpose of the paper is not to predict which reactors will be the next to
retire, but explain why we should expect more early retirements. It does so by offering
a systematic framework for evaluating the factors that place reactors at risk of early
retirement.

o It extracts eleven risk factors from the Wall Street analysis and
identifies three dozen reactors that exhibit four or more of the risk
factors (see Exhibit ES-1).

» It shows that the poor performance of nuclear reactors that is
resulting in early retirements today has existed throughout the history
of the commercial nuclear sector in the U.S. The problems are
endemic to the technology and the sector.

e It demonstrates that the key underlying economic factors -- rising
costs of an aging fleet and the availability of lower cost alternatives —
are likely to persist over the next couple of decades, the relevant time
frame for making decisions about the fate of aging reactors.

While the purpose of the Wall Street analyses is to advise and caution investors
about utlities that own the aging fleet of at-risk reactors, my purpose is to inform
policymakers about and prepare them for the likelihood of early retirements. By
éxplaining the economic causes of early reirements, the policymakers will be better
equipped to make economically rational responses to those retirements (or the threat
of retirement).

i



Ex#iBIT ES-1: RETIREMENT RISK FACTORS OF THE NUCLEAR FLEET

Reactor Economic Operational | Safety
Factors Factors i Issues
Cost Smaill | Old | Stand | Merchant | Z0yr<w/o | 25yrw< Broken Reliability | Long | Multiple | Fukushima
Alone Ext. wf Ext. term Safety Retrofit
Outage | Issues
RETIRED, 2013
Kewaunee X X X X X X
Crystal River X o | X o X
San Onofre X X X o X
AT RISK
Ft. Cathoun X X | x ! x o X X
Qyster Creek X X X X X ] X X
Ginna X X X X o X
Point Beach X X X X Q
Perry X X X X X X
f X X X X X
Davis-Besse X Q X X ] X X
Nine Mile Point X X X ] X X
Quad Cities X X X c X
Dresden X X X O X
Millstone X o X X o x
Pilgrim X X i x X X o X X X
Clinton X X X X
South Texas X X X X X
Commanche Peak X X X X
Three Mile island X X X X Q X
Palisad X X X [*] X X
Fitzpatrick X o X X Q X X
v
Sequoyah X X X X
tHope Creek X X X X
Seabrook X X X X
Indian Point X X X o] X
Duane Arnold X ] X Q X
Calvert Cliff X o X 0 X X
Vi, Yankee X X X X O X
Browns Ferry X 2 X X X
Monticello X X | x X o X
Prairie Island X X X o X
Turkey Point X X X X [¢] X X
Robinson X X
Wolf Creek X X X X
Fermi X X X X
Diablo Canyon X X X X
Cooper X X X [¢] X
Callaway X X X X
Cook X Q [¢] X X
LaSalle X X X X
Limerick X X X X
Suurces and Notes: Credit Suisse, Nuclear... The Middle Age Dik 7, Facing Declining Pe Higher Costs, Inevitable Moceality, Febraary
19, 2013; UBS Investment Research, In Scarch of Washis ’s Latest Realities (D€ !"tc!d Trip Takeaways), February 20, 2013; Platts, January 9, 2013,
“Some Mercbamt Nuclear Reactors Could Face Early Revi : UBS,” reporting on a UBS report for shareholders; Moody's, Low Gas Prices and Weak
Demand are Masking U8 Nuclear Plant Reliability Issues, Special Comment, November 8, 2012,; David Lochbaum, Walking a Nuclear Tightrope:
Unlearmned Lessons of Year-Plus R Qurages, Seprember 2006, “ The NRC and Nuclear Power Plant Safery in 2011, 2012, and UCS Tracker); NRC
Reacior pages.

Operationai Factors: Broken/reliability (Moody’s for broken and refiability}; Long Temm Qurages (Lochbaum, supplemented by Moody’s, o-curreas,
x=past); Near Miss (Lochh 2012); Fukushima Retrofit (UBS, Field Trip, 2013)

Economic Factors: Cost Whalesake markets (Credit Suisse) Age (Moody's and NRC reactor pages with oldest unit X=as old or older rhaa Kewaunee, ie.
1974 or earlier i ing, O= € issioned 1975-1979, i.z. other pre-TMI); Small (Moody’s and NRC Reactor pages, less than 700 MW ac
commissioning); Stand Alone (Moody’s and NRC Reactor pages); Short License {Credit Suisse and NRC Reactor pages).




Thus the purpose of this paper is not to predict which reactors will be next to
go. Rather it secks to demonstrate the fundamental nature and extent of the
economic challenges that old reactors face.

The analysis is primarily economic, as indicated on the left side of the table,
All of the reactors have significant economic issues. 1f anything goes wrong, any of
these reactors could be retired eatly. The precipitating event could be a further
deterioration of the economics, or it could be mechanical or safety related problems,
as indicated on the right side of the table. The market will operate faster in the case
of merchant reactors, but economic pressures have become so severe that regulators
have been forced to take action as well. The same factors call into question the
economic value of license extensions and reactor uprates where they require
significant capital oudays,

Reviewing the Wall Street analyses, it is possible to parse through the long list
of reactors at risk and single out some that face particularly intense challenges,
although in all cases one can site mitigating factors.

e Palisades (Repait impending, local opposition)

Fr. Calhoun (Outage, poor performance)

* Nine Mile Point (Site size saves it, existing contract)
Fitzpatrick (High cost but offset by high market clearing price}
Ginna (Single nnit with negative margin, existing contract)
Opyster Creek (Already set to retire early)

Vt. Yankee (T'ax and local opposition)

o Millstone (Tax reasons)

e Clinton (Selling into tough market)

¢ Indian Point (License extension, local opposition)

o o » »

o A couple of other reactors that are afflicted by a large number of these
factors (Davis-Besse, Pilgrim) could also be particularly vulnerable,

‘The lesson for policy makets in the economics of old reactors is clear and it
reinforces the lesson of the past decade in the economics of building new reactors,
Nuclear reactors are simply not competitive. They are not competitive at the
beginning of their life cycle, when the build /cancel decision is made, and they are not
competitive at the end of their life cycles, when the repair/retire decision is made.
They are not competitive because the U.S. has the technical ability and a rich, diverse
resource base to meet the need for electricity with lower cost, less risky alternatives.
Policy efforts to resist fundamental economics of nuclear reactors will be costly,
ineffective and counterproductive.

1. INTRODUCTION
A, THE CHALLENGE OF AN AGING FLEET

Over the last decade, as nuclear advocates touted a “nuclear renaissance” they
made extremely optimistic claims about nuclear reactor costs to convince policy-
makers and regulators that new nuclear reactors would be cost competitive with other
options for meeting the need for electricity. These economic analyses rested on two
broad categories of claims about nuclear reactors.

{1y New nuclear reactors could be built quickly and at relatively low cost,!

{2y New Nuclear reactors would run at very high levels of capacity for long periods
of time with very low operating costs.

Dramatically escalating construction cost estimates and severe construction
difficultics and dclays in virtually all market cconomies where construction of a
handful of new nuclear reactors was undertaken have proven the first sct of
assumptions wrong.® Recent decisions to retire aging reactors early remind us that the
second set of assumptions was never true of the first cohort of commercial nuclear
reactors’ and call into question the extremely optimistic assumptions about the
operation of future nuclear reactors.®

In fact, the Encrgy Information Administration (FLA) recentdy noted that in
the current market, if aging reactors are in need of significant repair, it may not be
wotthwhile to do so. As the EIA put it, “Lower Power Prices and Higher Repair
Costs Drive Nuclear Retirements.”™

Vn easly MIT study estirated overnight costs at $2,000/kw and contemplated factors that could lvwer it to $1,000/kw.
Massachuscits Tostitute of Technology (MITY, The Fatre of Nuclear Powrre A3 Interdisapitmay MIT Study, 2003, Over the
deeade since that estimate, estmates of overaight costs have increased ro the $6 000 t0 38,000 tange {(John Rowe,
Einergy Policy: Abovs A Do No Harwr, Amedican Fanerprise losduute, Narch 8, 2001, Fixing the Gortion Problem Withent
Bisaking the Ecorany, Resources for the Funuee Policy Leadership Forum Lunch, May 12, 2001, Lazaed, Lemliced Cost of
Buergy Apelyiis - Version 8.0, June 2012}

*'The standard assumptions are a 40 voar lfe ar a 90% wrilization factor, although eatly sudies like RIYT (2003 and
Keystone (2007, Nuslear Power Jorst Fact-Finding, June), considered shorter reactor life and lower load fictors as
scenarios,

Y Mark Cooper, “Nuclear Salery and Nuciear Eeonomics, [
Power not worrh the sk at any price?

ukushima Reignites the Never-ending Delsate: Is Nuclear

8. Sympusiven on the Futare of Nuwlear Power, University of Pittsburgh, March 27 28,
2012, Poligy Chalienges of Nuckear Reactor Constrnction: Cait Esvalation anid Cronding Qut Alternarives, September, 2010; All
Rosky; INo Repnard_December 2009; The Econamer of Nucleor Reactors: Renaussance af Retapse, June 2009,

' Mark Cooper, “Nuclear Salety and /5 ffordable Reavtors: Can We Have Both?," Budlesin of the Amomic Scientizts, 2012

3 Mark Cooper, Reparr Of Dr. Mark Caaper On The Econonic Feosibehity, Ipeve On Pobtic Welfare Awd inguiial Prospects Uer
New Nuilear Constrwtion, Propared For Ileal Utab, Joly 5, 2013

* Bnergy Information Adminisuation, “Lower Pawer Prices and Tigher Repair Costs Drive Nuclear Redrements | Taday
i Energy, July 2, 2013




Howerver, the problem is more profound than that. 1t is not only old, broken
reactors that are at risk of retirement. As old reactors become more expensive to
operate, they may become uneconomic to keep online in the current market
conditions. 1ndeed, the first reactor retired in 2013 (Kewaunee)’ was online and had
just had it licenses extended for 20 years, but its owners concluded it could not
compete and would yvield losses in the electricity market of the next two decades so
they chose to decommission it.® 'Things have gotten so bad in the aging nuclear fleet
in the U.S. that Wall Street analyst have begun to issue reports with titles like

e “Nuclear... the Middle Age Dilemma? Facing Declining Performance,
Higher Costs and Inevitable 1\1ortzl]ity,”9

e “Some Merchant Nuclear Reactors Could Face Early Retirement: UBS”"
and

o “Low Gas Prices and Weak Demand are Masking US Nuclear Plant
Reliability Issues.”"

By July, 2013 the U.S. was already guaranteed to have the largest amount of
eatly-refired capacity in a single year in the history of the U.S. commercial nuclear
scctor and the lowest load factor in over a decade.

B. THE IMPORTANCE OF UNDERSTANDING THE CONTEMPORARY DILEMMA OF
OLD REACTORS, ITS HISTORICAL ROOTS AND FUTURE COURSE

These early retirements magnify the importance of the fact that the “nuclear
renaissance” has failed to produce a new fleet of reactors in the U.S. With little
chance that the cost of new reactors will become ecompetitive with low carbon
alternarives in the time frame relevant for old reactor retirement decisions, a great
deal of attention will shift to the econormnics of keeping old reactors online, increasing
their capacity and /or extending their lives.

As has been the case throughour the history of the comimercial nuclear sector
in the U.S., the ptimary obstacle to nuclear power is economic and it is critically

7 The decision was announced in late 2012. Thomas Content, “Dominion says Kewaunce nuclear plant will shut down
for good,” The Jomnal Sentinel , Ocr. 22,2012

8 Matt Wald, “As Price of Nuclear Energy Drop, a Wisconsin Plant is Shut,” New York Times, May 7, 2013,

9 Credit Suisse, Nuctear... The Muddle Age Dilemma?, Facing Declining Performance, Higher costs, Inevitable Mortality, February 19,
2013, p. 11.

1 Plats, January 9, 2013, “Some dlerchant Nuclear Reactors Could Face Early Retirement: UBS,” reporting on 2 UBS
report for shareholders; UBS Investment Research, Envergy Corp., Re assessing Cash Flons from the Nukes.” January 2,
2013; UBS Tnvestment Rescarch, Entergy Corp. Challenging Ontlook for New Team At Kickoff, I'ebroary 4, 2013; UBS
Investment Research, Fr Seand of Washington's Latest Reafities (DC Field Trp Takeanayt), Fehruary 20, 2013

W Moody's, Laow Gar Prices and Weak Demand are Masking US Nuclear Plant Reliabilry Isines, Special Compient, November 8,
2012,

important to cut through the hype and hyperbole on both sides of the nuclear debate
to reach sound economic conclusions."” One way to do so is to have a clear picture
of the history, contemporary reality and future prospects of nuclear economics in
America.

1 have examined the history of the build-cancel decision with respect to new
reactor construction in a series of papers,”” This paper provides an analysis of the
repair-retire decision, which will certainly be a much bigger part of the near-term
nuclear future in America. Examining the factors in the current market that have
caused 2013 to witness the largest premature retirement of nucleat reactors in the
history of the industry is critical to understanding the neat-term future of the industry.
Moreover, the issues that are combining to put pressure on old reactors reverberate
through the history of the industry, with deep roots in its past and important
implications for how we think about its future.

C. OUTLINE
The analysis is divided into three sections.

Section IT describes the key current factors that place reactors at risk of early
retirement and also undermine increases in capacity at existing reactors (uprates). It
begins with a conceptualization of supply and demand factors that determine the
margins aging nuclear reactors earn in the contemporary electricity market.

Section 111 discusses other factors that have been identified weakening the
economics of aging reactors and increasing the risk of early retirement. It teview
reliability, capital expenditutes, and safety retrofits.

Section 1V views the current economic crisis from two perspectives intended to
help policy makers in assessing what the prospects for future early retirements are.
Fiest it presents a review of the historical expetience of the commercial nuclear scctor
that shows that the current crisis is consistent with the past performance of the scctor.
Then it evaluates the likelihood that the key drivers of the current ctisis will continue
over the time frame for decision making about retiring aging reactors. It concludes
with a few, brief concluding observations.

Y Irwin C. Bupp and Jean Claude Derian, (1978, I .ight Water: FHow the Nnuclear Dream Dissolved, New York Basic Books,
1981 The Faifed Pronise of Nuclear Poner, New York: Basic Books) emphasize the role of hype in promoting the first
round of commercial reactor construction

" In addition to Mark Cooper, Heal Utah, 2013, and Nuclear Safety, 2012, see Public Risk, Private Profit, Ratepayer Cost,
Uritin Imprudence: Advanced Cost Recovery for Reactor Construction Creates another Nuclear Fiasco, Not a Renafssance, March 2013;
Fundamental Elaws In SCES~G's Comparanve Econonic Anafysts, Ocrober 1, 2012; Policy Challenges of Nnitear Reactor
Construction: Cost Escalation and Crowding Out Ahernatives, Seprember, 2010, A/ Resk, No Reward, December 2009; The
Economics of Nuclear Reactors: Renaissance of Relapse, June 2009
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H. OLD REACTORS CONFRONT A NEW ECONOMIC REALITY
A. SupPLy, DEMAND, QUANTITY AND PRICE
The Economics of Aging Reactors

The problem that aging nuclear reactors face can be described in basic
economic terms, as depicted in Hxhibit 1I-1. In half of the U.S. the price of electricity
is set i a wholesale market. In these areas, the wholesale prices, which is what all
generators earn, are driven primarily by the fuel cost of runuing the last plant that
needs to be operated o make sure supply is adequate to meet demand (see Fixhibit 11-
1). This is the price that “clears” the market. In most regions of the naton, the price
is set by natural gas, with coal playing that role in some places, In those ateas of the
U.S. were the wholesale price of electricity is set by the market, ptices have been
declining dramatically, as conceptualized in Exhibit 11-1),

ExiBiT 11-1; CONCEPTUALIZING THE SUPPLY AND DEMAND FOR MARKET
CLEARING FossiL FUEL GENERATION

Price

Declining
demand due
to efficiency o o~ e P RN
B resewables )

}Decﬁning

Tuel costs

Market 2008 =
clearing
prices

2013

Over the past half-decade, the market clearing price has been declining, Tucl
costs bave been declining, driven by a dramatic decline in natural gas prices. At the
same time, demand for electricity has been declining due to increasing efficiency of
electricity consurning equipment and consumer durables. Moteover, the increase in
renewable generation, which has the lowest (zero) cost of fuel and therefore always

runs when it is available, has lowered the demand for fossil fired gencration, This
means that the market clears with morte efficient (lower cost) plants, which lowers the
market clearing price even farther. For consumers this is a very beneficial process; for
producers not so much, since the prices they receive are declining.

The Margin Squeeze

Old nuclear reactors are particularly hard bit by this market development. With
prices set by fuel costs, all of the other costs of nudlear generation must be paid for
out of the difference between the fuel costs of the reactor and the market clearing
price. This is called the “quark™ spread. A nuclear reactor is paid the market clearing
price, which it must use to pay its own fuel costs, while the remainder must cover its
other costs,

While nuclear fuel costs are low (although they have been rising), their non-fuel
operation and maintenance costs and their ongoing capital costs are high. "The high
nonfuel operation and maintenance costs (including capital additions) ate high
because of the complex technology needed to control a very volatile fuel. As reactors
age, these non -fuel operating and ongoing capital additions tise. As conceptualized in
Exhibit 11-2, with “quark” spreads falling, and operating costs rising, the funds
available may no longer cover the other costs, or yield a rate of profir that satisfics the
reactor owner.

ExuisiT 11-2; CONCEPTUALIZING THE MARGIN SQUEEZE ON OLD REACTORS
$/MWH

= Fuel * Non-fuel O&M & Routine Capex  ~ Cash Margin for Admin & Profit

e 200 , B R

Old reactors are pushed to the edge. 1f a reactor is particularly inefficient (has
high operating costs), needs major repairs, or a safety retrofit is required, the old
reactors can be easily pushed over the edge.



Old Reactors on the Edge

The problem for old nuclear reactors has become acute. At precisely the
moment that quark spreads are declining, the non-fuel operating costs of old reactors
are tising. In the analysis that first sounded the alarm about early reticements of
specific reactors, UBS cxplained the situation as follows

Following Dominion’s tecent announcement to retire its Kewaunee nuclear plant in
Wisconsin in Qctober, we believe the plant imay be the figurative canary in the coal
mine. Despite substantially lower fuel costs than coal plants, fixed costs are
approximately 4-5x times higher thau coal plants of eomparable size and may be

Exelon Corp., after slicing its dividend 41 percent earlier this year in the face of
falling earnings, has delivered a simple message to sharcholders: Be patient.
Wholesale electrieity prices will rise as old coal-fired plants shut down racher than
make costly, federally mandated environmental upgrades, and Exelon's earnings—
and stock price—will increase along with them. But a surprising turn of events is
upending the Chicago-based nuclear power generator’s thesis: Hven though market
prices for power remain low, competitors ate constructing a new generation of plants
fueled by cheap natural gas in New Jersey, Ohio, Pennsylvania and other key Exelon
markets o take the place of those old coal facilities. And Exelon's lobbying efforts to
prevent the construction of competing wind farms and some of the new gas plants
haven't worked. As a result, some experts are saying if's just as likely that power

s ! prices will stay the same or fall as it is that they will rise, as Fxelon forecasts,”
higher for single-unit plants. Additionally, maintenance capex of ~$50/kW-yr, 3 K :
coupled with rising nuclear fuel capex, further impede their economic viability ... Exelon’s attack on wind brought the question of the impact of zero fuel cost

We believe 2013 will be another challenging vear for merchant nuclear operators, as renewables on market clearing prices to the fore.™ As shown in Exhibit 113, a study

NRC requirements for Pukushima-related investments become clearer in the face of

] ‘ ¢ L : . by Synapse of a significant increase in the amount of wind power in the MISO region
subsmnmlﬂ‘y re(luccd' gas prices. While the rmeAvanabl.e cost of'dxspmcbmg a nuclear found that wholesale prices would be lowered by $0.013/kwh. A similar study for
plant remains exceptionally low {and s such will eontinue to dispatch at most hours New Hneland found a wholesal . ducti : £$0.018/kwh.

of the day no tatter what the gas price}, the underlying issue is thar margins ew Lngland found a wholesale price reduction of 0.0/ kwh,

garnered during dispatch are no longer able 1o sustain the exceptionally high fixed . e o ereie e vy

cost stru:mrcsgofogfzmtmg these units. Nuclear units. .. have continued to see pising ExtuBiT I1-3: SUPPLY INDUCED PRICE EFFECT OF WIND POWER, MISO

fuel and cost structures of late, with no anticipation for this to abate. Moteover, MARKET AREA

public policy initiatives, such as Fukushima-related retrofits and mandates to reduce

ot 5 P
once-through cooling (potentially requiring cooling towers/screens for some units) e % !
and new taxes on others (Vermont Yankee, Dominion’s Millstone) have {urther v B e dm 0 a
impeded the economics of nuclear.”? ::;: ™ }
H
The problem is not a figment of the imagination of Wall Street analysts or g s /
confined to a small number of individual reactors. Itis widespread, as demonstrated ow /
by the behavior of Exelon, the largest nuclear utility in the U.S. with ownership of A, e o e’
one-guarter of all U.S. reactors. »‘i ” , et
2 m PO
Exelon was also a big supporter of wind power, until the economics of old 8 o ‘,.__\.g-;,‘_‘.':f -~
nuclear reactors began to deteriorate. Exelon then Jaunched a campaign against h {_,.-?,ﬁ--'
subsidies for wind power, because the rich wind resource in the Midwest had begun B ) B )
to back out expensive gas.”® Market clearing prices declined reducing the margins that ! e o ) "T'";m rw e s
its nuclear fleet enjoyed. Exclon’s campaign against wind was sufficiently vigorous to e A
get it kicked off the board of the American Wind Energy Association.” The Bab Fagan, et al. The Potential Rase Effects of Wind Energy and T} ission in the Midwest 150 Region,
econotnics driving Exelon’s behavior was aptly described in a local business Symapse, May 12, 2012,
publication.

Flaving failed to secure the change in policy it hoped would slow down wind
development and reduce wind generation, Exelon proposed an even more drastic

1 UBS, emphasis added pp 1.3

1% Julie Wernan, “Bxclon chief: Wind-power subsidies could threaten nuclear plants: CEQO Christopher Crane warns
plant closings could become possible; company slashes dividend,” Chicage Tribune, February 8, 2013.

% \lex Guallen , “Wind group boots Exelon ftom board,” Pefitico October, 9, 2012

17 Steve Uaniels,” Fixelow waiting for priciec power,” Crarn't Chivngo Business, May 13, 2013
A Richard W. Caperton, Wind Power FHefps to Lower Efeciriety Prices, Center for American Progtess, October 10, 2012
1 Chatles River Associates, Analysis of the Impact of Cape Wind on New England Energy Prices, February 8, 2010




measute. After decades of arguing that nuclear is the ideal low (fuel) cost, always-on
source of power and touting the benefits of free markets in electricity, Exelon is
proposing to reduce its output of nuclear power to dtive up the market clearing
price.® Since withholding supply for the purpose of increasing prices is frowned
upon (indeed would be a violation of the antitrust laws if they applied),” it has to
negotiate with the Independent System Operator to reduce output. These acts of
desperation cleatly suggest that the economics of old reactors ate very dicey.

B. CONTEMPORARY ECONOMICS OF THE “QUARK” SPREAD

Declining Wholesale Prices

Most analysts focus on the Midwest (MISO) and thie Mid-Atlantic (PJM)
regions because they are the purest markets. They clear in gas and they do not add
othet costs to the wholesale price. For the past four yeats the wholesale prices of
clectricity has hovered in the range of $30-$40/MWIH in these two regions, as shown
in [xhibit II-4. "The wholesale price has declined by about $20/MWTI, with the

EXHIBIT I1-4: MID-WEST AND MID-ATLANTIC FUEL COSTS AND QUARK SPREADS

Average monthly quark spreads for the Midwest (2006-12) .
dollars per megawatthour Cla
£ quark spread

$80 —average monthly wholesale electricity price

370 —average annual nuclear fuel price
$60

§50
£40
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Average monthly quark spreads for the Mid-Atantic (2006-12}
doltars per megawatthour

£90 quark spread

80 —average monthly wholesale electricity price
570 ——average annual nuclear fuel price

£50

Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 tan-11 Jarﬂz

Source: Energy Information Administration, “Lower Wholesale Power Prices Reduce Quark Spreads Available
to Nuclear Plant Operators, Today in Energy, April 24, 2013, pp. 1-2.

2 Steve Dantels, “Why [ixelon may cut its Ilinois nuke output,” Crain's Chicage Business. June 20, 2013
2 Mark Coopert, Testimony of Dr. fMark Cooper on Ts There Life After Trnko and Credi! Suiese?, June 15, 2010
2 Daniels, Why Exelon, 2013

lowest prices in the Midwest. This puts the “quark” spread in the range of §20 -
$30/MWLL The prices are particulatly low in the Midwest, Exelon’s home region.

Rising Costs

These prices alone would put pressure on nuclear power operations, but the
pressure is magnified because the cost of operating old reactors is rising, as shown in
Exhibit II-5. Credit Suisse estimates that in the period when “quatrk” spreads were
falling from $40/MWH to $20-$30/MWH, the operating costs of nuclear reactors
were tising to the range of $25-$30/MWH. The resulting margins are razor thin, if
not negative. The primary drivers of cost increases are non-fuel O&DM and fuel costs,
which have increased about $10/MWH. Thus declining wholesale prices account for
about two-thirds of the shrinking margin and rising costs account for one-third.

EXHIBIT II-5: RISING OPERATING COSTS

Fully Loaded Cost to Run Will Rise Faster

2397

Total Cost Inflation for
2011-18 ~5% /YR

WCEM WWH Fuel s W% Caper MR

Source: Credit Suisse, Nuclear... The Middle Agc Dilemma?, Facing Declining Performance, Higher Costs,
Inevitable Mortality, February 19, 2013, p. 9.

The Intersection of Risk Factors

The economics of individual reactors will be affected by the size and condition
of the reactor and the market into which it sells power. Credit Suisse points out that
the merchant generators face the greatest challenges and concludes that “the challenge
of upward cost inflation/weak plant profitability will likely put pressure on smaller,
more marginal plants that could weigh on nuclear’s market share.”” Hxhibit I1-6
shows the cash margin at merchant reactors based on the wholesale price at various

B Credit Suisse, 2013, p. 15.
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power hubs. Credit Suisse believes that these 33 merchant nuclear reactors provide
“modest cash margin expcctatiams;.”24 With “rypical parent overhead of $5-7/MWH,
unit economics look cven worse””  UBS singled out four of this group as candidates
for early tetirement. i

ExXHIBrT H-6: MERCHANT “CAsII MARGINS' AT DIFFERENT POwWER HUBS

Cash Margins at Differert Regional Around-the-Clock Pawst Pricas ($/ MWH)
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Source: Credit Suisse, Nuclear.., The Middle Age Difemima?, Facing Declining Pecformance, Higher Costs,
Inevitable Mortiity, February 19, 2013, p. 11, Plaus, January 9, 2013, reporting on a UBS report for
sharcholders.

‘Three important insights can be drawn from this analysis.
s Kewaunee, retired for purely economic reasons, sits right in the middle
of this group, which attests to the reality and relevance of the analysis.

o The cancellation of major uprates for reactors at the upper end of the
range of margins reinforces the relevance of this approach,

o Jtis important 1o also note that not all of the reactors that are scen to be
at risk are in the Mid-West and Mid-Atlantc,

HCredit Suisse, 2013, p 11
5 (redic Sutsse, 2013 p. 11
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With the exception of the Northeast, the market fundamentals for existing
reactors are quit challenging. "The one region of the country that is not represented in
this market-oriented analysis is the Southeast, where traditional utility tepulation stll
dominates. Ilowever, as 1 have shown in a recent filing in South Carolina,™ regulators
are supposed to emulate the market in decision-making. Thase who fail to do so are
allowing the utilities to act imprudently, in violation of public utility law. The fact that
markets across the country are yielding similar economic results is strong evidence
about the true economics of nuclear power in today’s electricity market in the U.S,
today, This should influence regulatory decisions.

The recognition that the problem is not limited to the Midwest and Mid-
Atlantic reflects the reality of markets in other parts of the country, as well, as shown

i1 Exhibits 11-7, which is from the annual report of the market monitor in Texas
(ERCOT

Exnisrr 11-7: COMPARISON OF ALL~IN PRICES ACROSS MARKET
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Sourcer Potomac Economics, Led. Independent Market Monitor for the ERCOT Wholesale Market, 2042 Staze
Of The Marker Report For Yhe ERCOT wholesale Electricity Markets, Exhibit 3. June 2013

# Cooper, Public Risk, 2013
¥ Porormae Economies, Lid, Independent Market Monitor for the ERCOT Wholesale Market, 2012 Svate Of The Marker
Report For The ERCOT wihnlesale Edectricity Morkers, 1xhibit 3. June 2013
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"I'his analysis shows that based on the energy costs, market clearing prices in
Texas (ERCOTY, and California (CAISO) are close to the Midwest (MIS() and Mid-
Atantic (PJM) and in these areas there are not a lot of adders put onro the price,
New York (NYISO) and New England (ISO-NE) have higher energy prices and
bigger adders,

Several other factors compound the problem that aging reactor face in the
current market, a discussed in the next Section
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II1. OPERATIONAL FACTORS THAT WEAKENED THE ECONOMIC
PERFORMANCE OF AGING REACTORS

A. RELIABILITY
Gutages

The Credit Suisse analysis did not stop with operating costs, but went on to
identify another important characteristic that affects aging nuclear reactors, outages.
A nuclear reactor only receives the wholesale prices and earns the “quark” spread if it
is operating. Credit Suisse noted that 2011 and 2012 were years of heavy outage, as
shown in Exhibit TH-1. The largest part of the increase in outages was driven by larpe
reactors down with operational problems (Crystal River, San Onofre, and Fort
Cathoun), although extended outages for uprates also played a part (Turkey Point, St.
Lucie). The reactors with the longest outages, facing substantial repair costs, Crystal
River and San Onofte, have since been retired.

Exuisir I-1: HisTORIC NUCLEAR OUTAGE DAYsS

Historical Nuclear Outage Days
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Source; Credit Suisse, Nuclear... The Middic Age Dilenuna?, Facing Declining Performance, Higher Costs,
Inevitable Mortality, Febroary 19, 2013, p. 4.

Moody’s has also expressed concern about reliability from a different point of
view. When reactors are offline, the owners not only lose whatever matgin they could
have earned, they must replace the power. In addition to costing the udlity cash
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income, this will increase the demand for power in the market and push up the
marker clearing price. However, in the opinion of Moody’s, in the current supply and
demand context, the availability of low cost natural gas is “masking” the seriousness
of that problem. ® Moody’s worries that if the outages continue, the cost of
replacement power will rise substantally.

Moody’s highlights the fact that after Crystal River and San Onofre, whose
outages led to early retirements, the longest ongoing outage is Fort Cathoun, now in
unplanned outage for over two years, [t has been beset with multiple issues and is
under close scrutiny by the NRC

Load Factor

Moody’s also examines the broader issue of reactor capacity utilizatdon. The
load factor — the percentage of the year a reactor is online producing power — is an
important determinant of its economic performance. Comparing the ten oldest to the
ten youngest reactors for the past three years, as shown in Exhibit 1I-2, Moody’s
concludes that “it does not appear that the oldest plants in the 1.8, have exhibited
significantly lower capacity factors or experienced higher than average reliability issues
than the newest plants.””

In fact, the relationship between age and capacity factor in the Moody’s data set
is statistically significant when the three year average is considered across time™ or
when the oldest and youngest are treated as two groups.™ The average load factor is
not only 4% lower for the oldest reactors, but the standard deviation is almost twice
as high. Moody’s choice of a three year period and this approach to looking at the
average load factor, captures an important aspect of the aging flect. Older reactors
have shorter refucling cycles — eighteen months for older weactors versus 24 months
for newer reactors, Over time they would have lower load factors. Tiven treating the
data as single years, the relationships older reactors have lower load factors, but the
statistical significance is lower, as we would expect given the refueling cycles.™

More importantly, in a market where margins are so thin, a four percentage
point difference in load factor represents an important loss of revenue, and the much
higher standard deviation represents significant uncertainty. Age and reliability matter
and they go hand in hand.

* hoody’s, 2012, Low Gas Prices

2 Maody’s, 2012, Low Gas Prices. p 1
W= 42, ,06

*Chi Square, p .03

% s n4, p < .12, Chi Square <.08
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Extuprr 111-2: LOAD FACTORS FOR OLDEST AND YOUNGEST REACTORS (2009-
2011)

St. Dev (%) ¢ Oldest 10 Reactors
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Soucce: Moody's, Low Gas Prices and Weak Demand are Masking US Nuclear Planr Reliability Issues, Speciat
Comment, November 8, 2012, p, 11

B. AsSET CHARACTERISTICS

Asset Life

Age affects more than the level and uncertainty of the load factor. Irisa
primary determinant of remaining life. While many reactors have sought and received
license extensions, a number of the older reactors have not. This means that any
capital expendirures may have to be recovered over a shorter peried of dme. To the
extent that there are capital costs associated with keeping thesc reactors online, the
short life may make it difficult to recover those costs where margins are thin, “Tiven
assuming licenses are extended, 11 merchant nuclear units have a maximum useful life
of less than 20 years,.. We worry whether plants will see the full 60 years as thin
margins and big capex are too hard to cover.””™ Fixhibit 111-3 identifies those units
that have not had an extension of their original license and have less than 20 vears
rennaining on their license,

Asset Size and Integration

The analysis of the economics of aging reactors identifies a number of other
characteristics that appear to reduce the economic viability of aging reactors, which

» Credit Suisse, p. 19,
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Exuisrr [11-3: REACTOR CHARACTERISTICS THAT REDUCE ECONOMIC
VIABILITY

Oush Margins af Different Riglonal Around the-Clock Powar Prices (§/ MWH)
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x = units with less than 20 remaining on license (and no extension granted)

a = alone (i.e. either single unit or not geographically and organizational integrated into a
fleet)

s = small (7OOMW or Jesy)

Source: Credit Suisse, Nuclear... The Middle Age Dilenima?, Facing Declining Periormance, Higher Costs,
Inevitable Mortality, February 19, 2013, p. 11, 19; Platts, January 9, 2013, “Some Merchant Nuclear Reactors
Could Pace Early Retireraens UBS,” reporting on a UBS report for sharcholders; Moody's, Low Gas Prices
and Weak Demand are Masking US Nuclear Plans Reliability Issues, Special Comment, November 8, 2012, p.
B-9.

are also identified in ixhibit I11-3. Small units that stand alone — geographically or
organizationally — are believed to have higher costs and therefore are more vulnerable
in the current market environment. Both of these factors generally reflect economnies
of scale since operating costs are spread across a smaller amount of capacity and
output. Large, multi-unit sites integrated into cotporate fleets of reactors can share
indivisible costs. The retirement of Kewaunce underscores the fact that the economic
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benefits of being part of a fleet of reactors are dependent on the geographic location
of the reactors as well,

Moody’s described the effects of integration as follows:

Because they operate multiple units, these companies are often better able to
generate economies of scale and benefit from the breadth of experience housed in
their nuclear operations. They are in a better position to share the best practices
among their own fleets and to compete for talent in this highly specialized field. ..
Because of these advantages, a number of single unit nuclear plant operator have
decided to contract out all or part of the management of theit nuclear operations to
one of the tmote experienced companies in the field. ™

The fact that single asset nuclear operators have contracted out the
management of their units may solve the adiministrative problem, but it docs not
necessarily mean they enjoy lower costs. These contracts have been negotiated after
long term and serious failures of management and the buyers of the services do not
have a lot of options. The scller of the service may well capture the economies of
seale and integration,

ixhibit [1- 10 shows that the characteristics that undermine the economics of
aging reactors stack up for a couple dozen aging merchant reactors.

Regulated Reactors

Credit Suisse presents a similar analysis for regulated reactors, noting that
“deregulated market prices are somewhat less relevant but we think. .. illustrate the
challenges to cconomics of regulated nuclear as well. ™ Market economics may not
rule in these cases, but these reactors exhibit similar difficultes. Using Kewaunce
economics as the dividing line (cash flow of about $9/MWH); there are almost two
dozen regulated reactors with challenging cconomics. In this groups arc retirements
(San Onofre), canceled uprates (Prairie Island), und a long term outage (Fort
Calhoun). We find seven standalone assers, cight teactors with less than 20 years
remaining on their licenses, and half a dozen small reactors (700 MW or less). "lhere
are 14 reactors that have two or more of these characteristics. Thus, in terms of basic
econoinics, there are three dozen reactors that are on the razot’s edge.

E. CAPEX WILDCARDS

‘The above analysis describes the “normal” process of operating an aging fleet
in the context of an energy economy in which low cost resources are available to meet

3 Moody, 2012, p. 8.
% Credit Suisse, p. 12.
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needs.  With the economic viability of an inereasing number of reactors coming into
question, the possibility of the need for significant capital expenditures becomes quite
ominous, The prudence of making major expenditures to meet safety concerns,
tepair breakage and install rechnologies to increase nutput {uprates) is called into
question. While there is a tendency to treat these as extraordinaty events, they are
frequent enough to merit consideration as part and parcel of the nuclear cconomic
equation, ’

Uprates

In analyzing the question of increasing the capacity of old reactors rwo
important general considerations must be front and center,

o [first, the characteristics of the individual reactor and the market into
which it sells power are extremely important.

s Second, one must not confuse the history of past, minor changes that
were telatively inexpensive and resulted in small increases in capacity and
major changes that are quite cosdy and intended to achieve relatively
large (~> 10%) increases in capacity. It was always a stretch to assume
that success In executing the former guaranteed success in executing the
latter and in the current market; it would be a major mistake,

The abandonment of the LaSalle and Limerick uprates sends the same strong
warning signal for uprates that Kewaunce did for retirements. e earlier
abandonment of the Praitie Island uprate did not attract as much attention, even
though the assumed cconomie costs were similar.™  Prairie Island reminds us that
rate base projects can be halted, with prudence reviews and disallowance of costs
possible?” "Lhe economics of uprates are on the economic razor's edge.

Moreover, the commercial nuclear industry has historically had difficulty
executing major construction projects and that problem afflicts aging reactors. The
retrement of Crystal River and San Onofre was precipitated by tepairs/upgrades that
failed badly, resulting in the need for major repairs. T'he Florida uprates had
substantial cost overruns. The Monticello life extension and uprate activity have

35 Muoclear Street, Xeel ro Scrap Praivie Tstand Nuclear Plant Uprate, November 5, 2012, Abandonment refers 1o
projects that were under way and involve costs that the urility seeks to recover: cancdltation involves prajects that were
not under way.

N Birer Testimony Of Nangy A, Camphell On Bebaly Of The Minwesota Department Qf Commenre Divicion OF Erergy Resonrens, In
The Marter OF The Applcation Of Northern Stares Power Company, D/B/A Xeel Energy, For Awnthority To
Increase Rates For Flecirie Service In Minnesota MPUC Docker No. E002/Ge-12-961, OAH Uocket Mo, 682500
30206, February 28, 2013
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expetienced cost overruns of over 80 percent.” The response of Executives
responsible for the Monticello uprate is revealing,

“l1]t's a large complex project with many intricate components that tequired changes
from the original plans,” Xeel’s chief nuclear officer, Timothy O’Connor, said in
recent written testimony submitted to state regulators...O’Connor. .. testifies that
other teactor projects - Grand Gulf in Mississippi, ‘Tutkey Point and St. Lucie in
Florida and Watts Bare in Tennessee — also experienced cost overruns, in one case
double the original estimate.

Drefending uprate cost overruns by pointing out that everyone else is suffering
the same problem is mote an indictment of the industry than a defense of the atlity.
In fact, the severe contemporary execution risk of keeping old reactots online ot
increasing the output has started to look a lot like the contemporaty (and historical)
execulion fisk of building new reactots. With almost three dozen uprates apptoved
since 2009, over half have been abandoned cancelled or put on hold. Half of those
that have moved forward have suffered major cost overruns,

The costs of the uprates mention by the Xcel executive are summarized in
ixhibit 1T{-4. The estirates are based on press accounts and assume, in the case of
Monticello that the uptate has caused a proportionate share of the total cost overrun,
Although the cost and viability of uprates vary from reactor to reactor, some general
observations can be offered. "The major uprates that have been proposed, and in a
number of cases cancelled or abandoned, generally have cost estimates in the range of
$1800 to $3500 per kW. ™ Actual costs have been much higher, in the range of $3400
o $5800/kW,

"These high actual costs of the uprates are three to four times as much as new
advanced combined cycle gas plant costs. Even the inidal cost estimates were almost
twice as high, Since the reactors being proposed for uprates are sill old reactors, they
are likely to have significant operating costs, although the uptates may improve their
performance. With new gas plants being more efficient, as well, and having much
lower capital costs and short lead times, it may well be that choosing between an
uprate and a new gas plant has become a very close call, "This explains the mixed
record of major uprates in the past half-decade.

Since uprates represent the largest capital projects most reactors will witness
and most nuclear urilities will undertake in the mid-term, the poor performance is

¥ Direct Testimaony Of Nancy A Camphell, 2013
** The original estimate for Monticelio is just aver $1,800/kw. The abandoned Prairie Island and cancelled LaSalle and
Limerick uprates had costs of abour §1.800/kw.,  The implicit initial cost estimate for the Flonida uprates was 3,500
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telling. These uprates are afflicted by the same flaws as new builds, past and present,
cost overruns, delays, declining demand and low cost alternatives,

ExniBIr I11-4: Cost OVERRUNS OF RECENT MAJOR UPRATES
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Sources: Staff Writer, "Mississippi PSC Approves Entergy Mississippi's Plans To Upgrade Grand Gulf Nuclear
Power Station,” FBR, December 2, 2009; New Team, $724 Mitlion Grand Gulf Nuclear Plant Uprate Will Soon
Create 4,000 Jobs, Nucfear Street December 13, 2031; Susan Salisbury, “Customers should nothave to pay
escalating costs for nuclear peojects, witaess, Pafm Beach Post, Septerber 11, 2012; David Shafter,
“Monticello nuclear plant repairs surge $267 million over budget,” Srar Tribune, July 14, 2013

Safety, Spent Fuel and the Pukushima Effect

One factor to shich UBS devotes a great deal of attention, but Credit Suisse
does nor mention, is safety related costs.

Among our greatest concerns for the US nuclear portiolio into 2013 is the risk of
greater Fukushima related costs. While expectations around the need of hardened
vents differ, we see cost risks of up to $30-40 Mn/per unit noder a worst case
scenario; while other estimates suggest costs range in the 315 Ma ballpark. Notably,
PPL. ests. Fukushima-related costs of $50-60 Mn, excluding vents fur its 1.6 G\W
Susquchanaa unit. "

W Plants, UBS Repnrt of Sharchalders, p. 1.

20

Safety concerns surrounding spent fuel are presently holding up the license
extension for a dozen reactors as the NRC deals with a court challenge to its “waste
confidence” finding"'

Fukushima and the “waste confidence” ruling remind investors that nuclear
power has a unique set of risks that may weigh on economic decisions. In a major
post-Fukushima analysis of the nuclear sector UBS called it a “tail risk.” This is an
event that may have a very low probability, but which can have a huge impact on the
value of an investment.” It has come to be identified more popularly as a “black
swan.” Tokyo Electric Powet Company (TEPCO), the owner of the Fukushima
Reactors and the fourth largest utility in the world, experienced such an event, as
described in Exhibit 111-5.

In my carlier analysis of the impact of I'ukushima, I cited an estmate of the
potential costs that ran to a quarter of a trillion dollars.” Tokyo Electric Power
Company is sceking public funds to help it pay for its current estimate of costs, which
is $137 billion. The number has been rising steadily and there is some question about
whether the victims are being fully compensated. The estimate of $137 billion, if thar
is the final cost, underscores several important points about nuclear safety and nuclear
costs.

Fitst, the disaster bankrupted the company. Its stock collapsed and it has been
taken over by the government (as shown in FExhibit 111-15). 1f only $137 billion can
bankrupt the fourth largest utility in the world, the “tail sisk” assoeiated with nuclear
reactor ownership should get the attention of investots.

Second, the economic impact of nuclear accidents does not flow from the
public health effects, but from the disruption of the affected community. The most
immediate impact of nuclear accidents may not be the deaths that they cause, but the
disruption of the economy and social life of a large surrounding area and
psvchological despair that they cause.

I have shown that Fukushima deserves the attention it gets in both the
historical and contemporary contexts," but there is 4 larger lesson here. Safety is an
evolving concept 1 nuclear power because the power source is so volatile and

RS, In Search of Washington, 2013, p. 6, anticipates resolution by late 2014 with little disruprion in decision making,
abhiough it does anticipare NRC setivity in safety selated mattess bevond the immediate post- Fukushitna
(CCUIn)n!ﬁlldﬂUOl]S‘ .

" UBS Investor Research, Can anciear power svive Fukyshima?, Apnl 4, 2011

N Cooper, Nuclear Safety, 2012,

" Cooper, Nuctear Safety, 2012, "Post- l'ukushima Case for Hnding Price Anderson,” Bridletin of the Atomic Setentist.
Ogctober 20115 “The Implications of Fukushima: The US Deespective,” Buleim of the Atamir Saenns July/ August 2011
67:8-13.
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dangerous and the technology to control it becomes extremely complex. Over time,
external challenges and internal weakness are revealed, The threats to public health
and safety cannot be ignored. Responding to them becomes particularly costly for
existing reactors, since retrofits are difficult. As older reactors become farther and
farther out of sync with the evolving understanding of safety, the challenge grows.

Exui1srT III-5: THE FINANCIAL EFFECT OF FUKUSHIMA: 5-YEAR STOCK PRICE
Tokyo Electric Power Company, {in Japanese Yen)
TEDD O -

I 060 - “ll Y.bh
TEOD OO I‘l %( y\”““«'w S e
e ’
on ao - s
[

1500 00 - TEPCO Stock Declines ~ 67%

1'on

1,00 -

=

s00.00 - t-,\ M
L

NP i

ENP NS o

0N -
http://en.finanzen.net/stock-price/TEPCO

NIKKE! INDEX

15000
Nikkei Index Rises ~ 50%

5000

http://www.marketwatch.com/investing/index/nik?countrycode=jp

F. REACTORS AT RISK

Turning to the future, there are a significant number of reactors, a third of the
fleet that exhibits the characteristics that put reactors at tisk for negative
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developments. BExhibit HI-6 summarizes the tisk factors faced by over three dozen
aging reactors. The first six factors — cost, small size, old, standalone, selling into a
wholesale market and short cost recovery periods — reflect the economic dimension.
The next five risk actors involve Operational factors (broken, reliability and long tetm
outage} and safety factors (Multiple safety issues and Fukushima tetrofits. There
teflect the operational/repair dimension of the analysis. The first three reactors
evaluated have been retired eatly and they highlight the two different types of factors
that create risk. Kewaunee epitomizes the purely economic factors. Crystal Rivet and
San Onofre epitomize the repair/outage factors. I have only included reactors that
exhibit at least three of the risk factors as identified in the sources cited.

The list is long and not intended as a prediction of which reactors are “the next
to gn.” The historical analysis shows that it is generally a combinaton of factors that
leads to the retirement decision. However, the vulnerability of large numbers of
reactors suggests that there will be future early redrements and vprates will be slow to
come,

"I'he analysis is primarily economic, as indicated on the left side of the table.
All of the reactors have significant economic issues. If anything goes wrong, any of
these could be retired early. The precipitating event could be a further deterioration
of the economics, or it could be mechanical or safety related problems, as indicated
on the right side of the table. The muatket will operate faster in the case of merchant
reactors, but economic pressures have become so severe that regulators have been
forced to take action as well, The same factors call into question the economic value
of license extensions and reactor uprates where they require significant capital oudays,

Reviewing the Wall Street analyses, it is possible to parse through the long list
of reactors at risk and single out some that face particulary intense challenges,
although in all cases one can site mitigating factors,

# Palisades (Repair impending, Jocal opposition)

* Ft. Calhoun (Ourage, poor performance)

* Nine Mile Point (Site size saves it, existing contract))

»  Tigzpatrick (High cost but offser by high market clearing price}
s Ginna (Single unit with negative margin, existing contract)

*  Oyster Creek (Already set to retire early)

* Vi Yankee (Tax and local opposition)

* Millstone (L'ax teasons)
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Exdi1BrT 111-6: RETIREMENT RiSK FACTORS OF THE NUCLEAR FLEET

Reactor Economic Qperational Safety
Factors Factors Factor
Cost Small | Old | Stand | Merchant | 20yr<w/o | 25yrw< Broken Reliability | Long | Multiple | Fukushima
Alone £xt. wf Ext, term Safety Retrofit
Qutage | Issues
RETIRED, 2013
Kewaunee X X X X X X
Crystal River X [e] X a X
San Onofre X X X [+] X
AT RISK
Ft. Cathoun X X X X 0 X o X
Oyster Creek X 3 X X X Q X X
Ginna X X X X o X
Point Beach X X X X a
Perry X X X X X X
h X X X X X
Davis-Besse X X X 0 X X X
Nine Mile Point X X X o X X X
Quad Cities X X X G
Dresden X X X [ X
Millstone X X X [¢] %
Pitgrim X X | x X X o x | % X
Clinton X X X X i
Sauth Texas X X X X x |
Comanche Peak X X X X
Three Mile Island X X X X o X
Palisades X X X o] X X
Fitzpatrick X Lox X [ ! X x
24
Sequayah X X X X
Hope Creek X X X X
Seabrook X X X X
indian Point X X X o X
Duane Arnoid X 5] X [¢] X X
Calvert Cliff X o X o X
Vt. Yankee X X X X O X
Browrns Ferry x Q X X X
Monticelio X X X X <] X
Prairie Island X X X a X
Turkey Point X X X X 0 X X
Robi X X X
Wolf Creek X X X X
Fermi X X X X X
Diablo Canyon X X X X
Cooper X X X 0 X
Callaway X X X X
Coak X o s} X X
Lasaile X X X
Limerick X % X | X

Sources and Notes: Credit Suisse, Nuclear... The Middle Age Dilemma?, Facing Declining Performance, Higher Costs, Inevitable Mortality, February
19, 2013; UBS Investment Research, In Search of Washington’s Latest Realides (DC Field Trip Takeaways), February 20, 2013; Plans, January 9, 2013,
“Some Merchant Nuclear Reactors Could Face Early Redrement: UBS,” reporting on a UBS report for sharcholders; Moody’s, Zaw Gas Frices and Weak
Demand are Masking US Nucicar Plant Relxabdny Issues, Special Comment, November 8, 2012.; David Lochbaum, Walking 2 Nuclear Tightrope:

Unleamed Lessons of Year-Plus 8 Ourages, Sep bher 2006, “ The NRC and Nuciear Powe.r Plagr Sateey in 2011, 2012, and UCS Tracker); NRC
Reactor pages.
Op 1 Factors: Broken/reliability (Moody's for broken and reliability); Long Term Outages (Locbbaum, supplemented by Moedy's, o-current,

x=past); Near Miss (Lochbaum 2012); Fukushima Retrofit (UBS, Field Trip, 2013)

Economic Factors: Cosr, Wholesale markets {Credit Suisse) Age (Moody’s and NRC reactor pages with oldest unit X=as old or older than Kewaunee, i.e.
1974 or earlier i 0= C issioned 1975-1979, i.e. other pre-TMI); Small (Moody’s and NRC Reactor pages, less than 700 MW at
commissioning); Stand Alone {Moody’s and NRC Reactor pages); Sbort License {Credit Suisse and NRC Reacror pages).
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¢ Clinon (Selling into tough market)
& Indian Point (License extension, local opposition)

A couple of other reactors appear to be afflicted by a large number of these
factors (Davis-Besse, Pilgrim), so they could be pasticularly vulnerable. A number of
the reactors on this list also face significant local opposition, which adds to the
pressure.®

The key to the fate of these reactors is the extent to which these factors will
persist over the next couple of decades when the retirement decisions will be made.
The next section provides rwo perspectives on that issue,

¢ How does the current crisis fit into the historical performance of the
industry?

» Will the current conditions that place old reactors at risk persist in the
future?

45" he maost obvious example, based on press accounts would inelude at least the following: Fort Calhoun, Oyster Creek,
Davis-Besse, Pilgnm, Fezpatsick, Indian Poing, Vermont Yankee, Browns Perry, Fermi, Diablo Canyon.

26

IV.THE CURRENT ECONOMIC CRISIS IN PERSPECTIVE
A, THE HISTORICAL EXPERIENCE OF U.S. COMMERCIAL NUCLEAR REACTORS

"The dire straits in which a significant part of the U.S. commetcial nuclear fleet
finds itself are not an aberration or a sudden shift in prospects. It is part and parcel
of the history of the industry in the U.S. In fact, the quiet period of high performance
in the late 1990s and early 2000s is the exception rather than the rule. With the
memory of the huge cost overruns in the 1970s and 1980s fading, the quict period of
the 1990s played an important part in creating the misimpression that new reactors
would just hum along. This contributed to the misleading economic analysis on
which the “nuclear renaissance” relied during its carly hype cycle.

As shown in Exhibit 1V-1, the assumption that nuclear reactors hum along,
once they are proposed or even online, is not consistent with the U5, experience.
About half of all reactors ordered or docketed at the Nuclear Regulatory Commission
were cancelled or abandoned. Of those that were completed and brought online, 15
percent were retired eartly, 23 percent had extended outages of one to thtee years, and
6 percent had outages of more than three years.™ 1n other words, more than one-thied
of the reactors that were brought online did not just hum along. Another 11 percent
were turnkey projects, which had large cost overruns and whose econonics were
unknown.

Outages and Early Retirements

The magnitude of long outages and early retirements is sufficient to require that
they be incorporated into the economic analysis of nuclear power, The pattem actoss
time reinforces the observation that the high level of performance in the late
19905/ catly 2000s were an cxception rather than the rule, as shown in Ixhibic V-2,
After a large number of reactors came on line there were a significant number of
outages in the early 1980s, Again in the 1990s there were a significant number of
outages and retirements. The lull of problems in the late 1990s and eatly 2000s has
been followed by a sharp increase in problems.

Ultimately, since the start of the commercial industry, over one-quarter of all
U.8. reactors have had outages of more than one year. There are three causes of these
outages:

* Replacement—to refresh parts that have worn out

% Cooper, Affordable Reactors, 2012, The current mnmbers diffee slightly fram the early analysis sinee che recent
outages and retirements have been added to the database
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Reactors Brought Online

Outages of 3+

1J.S. NUCLEAR REACTORS: DISPOSITION OVER 50 YEARS

All Reactors Ordered or Docketed

ExHIBIT VI-1

g E ¢ Retrofit—to meet new standards that are developed as the result of new
b=} . . .
[ knowledge and operating expericnce (e.g. beyond-design events)
f 3R . .
g g g * Recovery—necessitated by breakage of major components
o -
3 §° ExiiBiT [V-2: EARLY RETIREMENTS AND SERVICE OUTAGES OF MORE THAN
283
5@ ONE YEAR.
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& ,g - g Y Sources: Nuclear Hegulatory Commission, Individual Reactor Pages, hups/ /5w ore oy /; David Lochbaum,
[ © 3 Walking a Nuclear Tightrope: Unlearned Lessons of Year-Plus Reactor Dutages, September 2606; Moody’s, Low Gas Prices
& and Weak Demand are Masking US Nuclear Plant Reliability fssucs, Special Comment, November §, 2012,
S

The average cost of an outage (in 2005 dollars), even before the most recent
outages, was more than $1.5 billion, with the highest cost topping $11 billion.” "The
costs of the recent outages that led to eatly retirement in Crystal River and San
Onofre run into the billions.™

o

lixhibit IV-3 presents the results of pairwise correlations between key variables
and outages and retirements. The database includes 122 reactors that have been in
operation, but excludes the turnkey reactors. They are updated from an eatlier
analysis by including more reactors, the recent tetirements and Jong-term outages, and

# online 51%

ion, Nuclear (

Ad

7 Lochbaum, 2006,

# Housley Carr, Duke Srudy: Crystal River Nuke Repairs Could 11ir $3.48, BNR Energy, October 17, 2012, Abby
Seweli, “Cost of 8an Onoefre nuclear plant outage exeeeds $300 mithon: Operator Edison International says returning
both units o (ull power could take five years [t has proposed restarting one unit ard operating it nt 70% power, Lor
Angedes Témes, Vebruary 27, 2013, By rhe time the decision was nuade, the cost was close to 8300 million and the wilie
faced years of ongoing costs which would have pushed the (otal to several billion doliars

Cancelled
or !
Abandoned
49%

Watking a Nuclear Tightrope: Unleared Lessons of Year-Plus Reactor Quiages,
in 1979 the matn cavse of US nuclear power’s woes?, Juse 24, 2011; Moody's, Low Gas Prices and Weak D

Sounrces: Fred A. Heddleson, Summary Dara for US Commercial Nuclear Power Plants in the Unired Strares, Nuclear Safety Informaton Center, April
Reliability ssues, Special Comment, November 8, 2012,

1978; US Energy Infox
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a set of variables to capture the extent of safety regulation. The Exhibit includes all of

the significant variables from a list of over four dozen ™

Exiusrt IV-3: SIGNIFICANT CORRELATIONS BETWEEN REACTOR
CHARACTERISTICS AND QUTAGES AND RETIREMENTS

Dependent Variable

Independent Outage Retirement
Variable 3 sig. r sig.
Outage 0.8 ekokisk
2nd Outage 0.51 wokok 0.43 ook
Permit Year -0.27 wokok -0.28 otk
Capacity .15 * -0.22 o
Size -0.22 *k -0.27 ok
Rule at Qutset -0.19 * -0.16 *
Change in Rules 0.17 *

Sig. * <1, 7% <05, ¥F< O], F <001

Quantitative and qualitative analysis of the early retirements and outages
provides insight into the decision to retire reactors. The occurrence of outages has a
strong correlation with retirement, as does the occurrence of a second outage. Tarly-
retirement reactors are typically older and smaller. The early retired reactors were
brought online before the agency {originally the Atomic Iinergy Commission) began
to adopt and enforce vigorous safety regulation. They are not worth repaiting or
keeping online when new safety requirements are imposed, or when the reactors are
in need of significant repair. Ourages exliibit similar relationships,

The larger the mumber of rules in place when construction was initiated, the
less likely therc was to be an outage or an early retirements. The larger the increase in
rules during construction, the greater the likelihood of an outage. While the industry
intetprets the existence and change of rules as an expensive nuisance, 1 have shown
that they reflect strong concerns about safery thar were triggered by the extremely
poor safety record of the industry in its eardy years.™ The older reactors expericnced
more outages and needed more retrofits to get back or stay online. They were built
before performance was tegulated, generally performed poorly and suffered the
outage and retirement consequences.

Qualitatively, the decision to retire a reactor eatly usually involves a
combination of factors such as major equipment faillure, system deterioration,

# Conper, Nuclear Safery, 2012,
% Cooper, Nuclear Salety, 2012
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repeated accidents, and increased safety requirements. Economics is the most
frequent proximate cause, and safety is the most frequent factor that triggers the
economic reevaluadon. Although popular opposition “caused” a couple of early
retirements (a referendum in the case of Rancho Seco; state and local government in
the case of Shoreham), this was far from the primary factor, and in some cases local
opposition clearly failed (referenda failed to close Trojan or Maine Yankee). External
economic factors, such as declining demand or more-cost-competitive resources, can
render existing reactors uneconomic on a “stand-alone™ basis or (more often) in
conjunction with one of the other factors.

Performance: Load Factors and Operating Costs

The increasing problems faced by aging nuclear reactors are reflected in the
load factor. As shown in Exhibit 111-4, the average load factor for the nuclear
industry throughout its history of commercial operation in the United States has been
less than 75%. While it is true that over the decade from the late 1990s through the
end of the 2000s the Joad factor was 90%, it 1s also true that it took twenty vears to
get to that level and the industry has recenty fallen below it

ExmmT IV-4: U8 NU(‘LFAR LOAD [*A(‘TOR
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Sources and Notes! Ad;uatod load factor includes all capacity that would have been operable, bar for carly
retirements and fong term outages. Ourages from Lochhaum; retirements from NRC reactor profile sheety,
unadjusted load factors from hup/ /oow iy gne ftotalencrgy /daa/moonhly / pdf/see B pdf

"T'his 1s the source of concern expressed by the Wall Street analysts about the
aging fleet, but it also raises an important point about new reactors. New
technologies require shake out periods and the more complex they are, the longer the
period. The assumption of a 90% load factor for new builds is hxghl) suspect.
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Moreover, the calculation of load factors in Exhibit V.3 actually overestimates
thie actual load factor because the denominator includes only reactors that are
operable. Reactors that have been retired carly or are on long term outage (not in
service for the entire vear) are not included in the analysis. T show an adjusted load
factor that includes in the denominator the long term outages and early retirements. 1
assume that all the early retirements were reactors that sere expected to still be on
line, but for the difficulties that shut them down, As shown in Fxhibit V-1, above,
this number is substantial. ¥hen early retirements and long term outages of more
than a year are taken into account, the load factor has been about 70%,

Operating costs appear to exhibit a similar long term patiern as load factors
{sec Exhibit IV-5). There was a long period of rising operating costs, then a perind of
modest decline and relative stability. Hoswever, as shown above, in the past decade
costs have bepgun to rise again,

ExH1BIT I'V-5: AVERAGE ANNUAL NONFUEL OPERATING COSTS, ALL PLANTS IN
OPERATION BY 1993
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Source: Epergy Information Administeation: An Analysis of Nuclear Power Plant Operating Costs: A 1995
Update, April 1995

B. FUTURE PROSPECTS FOR MARKET FORCES

There is always a great desire to predict the future of individual reactors but
that is a perilous business. Hxplaining the past and evaluating its unplications for the
future fs less risky and more informative. What we can say about the recent past is
that in a short period of time the industry has experienced a full complement of the
bad things that can happen to old reactors — purely economic tettement, broken
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reactors, an uprate that developed into a broken plant and an eatly retirernent, large
cost overruns for new builds and uprates and abandonment of uprates.  We can also
identify the circomstances that brought these negative events about and show that
they ate not only short term abetrations, but are consistent with the long-term history
of the industry,

Ultimately, the future fate of old reactors will be decided by the interaction of
these underlying characteristics and the conditions in the marketplace. Flere identify
a couple of key factors, First and foremost, consistent with the analytic framework
we have used to describe the plight of aging reactors, is the supply/demand balance in
electricity matkets. The key question is: will the price of alternatives keep the
economic pressure on the margins of aging reactors with rising costs?

Natural Gas Cost History and Trends

Predicting long-term natural gas prices has been described as a perilous
undertaking, but a consensus has emerged among most reasonable analysts that a
significant petiod of low gas prices is upon us. Projecting price out fifty years may be
very risky, but twenty vears is less so and that is the relevant time frame for aging
£EACLOLS.

Fixelon’s battle with wind, its efforts to move the market cleating prices and its
decision to cancel the uprates at Limerick and LaSalle and it earlier decision to
abandon its plans to build a new reactor,” reflect the very challenging economics that
nuclear faces in today’s market. Those economics are driven by a belicf that gas
prices are likely to remain low for the relevant economic tite frame. John Rowe,
CHEO of Exelon has been adarnant in this regard.

Colorado 8chool of Mines has estimated that the available reserves have increased by
6} pereent between 2000 and 2008, And every consultant T can hire predicts real —-
flat real prices for natural gas for at least this decade and maybe two. . (4) Pve seen
an awhul lot of wrong forecasts inn 27 years, But the supply/demand equatons o gas
are very powerful and T believe they're real for 2 long time. And, what's more, |
know better than to bet against it, becavse if you bet on a different fuel soutce and
gas stays cheap, you get literally murdered . (6) But Pve also seen the prevailing
paitern. I can’t guarantee we'll never see another spike but neithet can 1 find 2
forecast from any reputable follower of the business that projects that we're going to
have high prices on a consistent basis any time in the next several decades. And I
work on the best facts I can find and T invest on the best facts [ can find, and those
facts say gas is queen, whether [ love her ot not.

# Reuters, Exelon drops Tesxas reactor plan, cites cheap natgas, Tue Aug 28, 2012,
% John Rowe, “Dnergy Policy: Above All, Do No Harn,” American Enterprise Institure, March 8, 2011, p. 14,
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Rowe points to the technologically driven shift in the fundamentals of the
natural gas supply-demand balance as calling into questions predictions of very high
natural gas prices. The top graph in Fxhibit 111-6 shows the key variables in the

ExHi1BrT [11-6: THE SHALE GAS REVOLUTION TRANSFORMS NATURAL GAS
SUPPLY FUNDAMENTALS

Reserves Drive Prices on a Forward Looking Basis
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supply/demand equation, the reserve-to-consumptions ratio. As Rowe points out,
the ratio has surged with the shale gas revolution. The upper graph also includes
NYMEX natural gas futures ptices out through the end of the decade. Traders on the
NYMEX agree with Rowe, who notes that analysts do not see a high gas ptice over
the several decades.

Teonomic theory and real wotld experience lead us to expect that such a
dramatic improvement in the supply/demand equation would drive prices down. The
lower graph shows the strong correlation between the falling and rising reserve o
consumption ratio and prices with the turning point in being an R/C ratio of about 10
years,

Renewables

The mid-term prospects of natural gas prices are not the only factor that will
affect the market clearing price on the supply side. As we have seen, wind power
plays a role by shifting the supply-curve in such a way that it lowers the market
cleating price. As wind is added to meet long-term needs, it has this short-term effect,
The effect s likely to continue. Onshore wind is becoming mote competitive as a
long-term resoutce,

Rowe also notes that there are renewables that will compete with nuclear in the
next decade — “But, as 1 look, [ think wind and solar do become more economic,
wind much the first. Nuclear plants may become economic again but not in the next
decade.”™ Longet-term cost trends support Rowe’s observation that alternatives to
nuclear power beyond gas are becoming more attractive options. In contrast to
nuclear reactor construction costs and cost estimates that have been tising
dramatically, several of the alternatives are exhibiting reductions in cost, driven by
technological innovation, leaming by doing, and economies of scale.

Onshore wind, the target of Exelon’s enmity has exhibired a significant cost
decline that is expected to continue, as shown in Fxhibit TV-7. Onshore wind is cost
competitive with gas in many areas today and will be more so in the future.

Some analysts belicve solar will play in increasingly larger role for two reasons.
In the short term, solar may already be competitive with peak load costs. 1 solay puts
a cap on or reduces demand for fossil fuels at the peak, rhe wholesale price will be
reduced at the key moment when the largest marging can be early. Lazard’s
ohservation on the competitiveness of solar with current peak power reminds us that
the time of day a resoutce is available and where it enters the grid ate also important

" Rowe, “Encegy Policy. p. 6.
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considerations. Lazard believes solar will be generally competitve with gas within a
decade, as shown in Exhibit IV-8.

ExHIBIT IV-7: TRENDS & PROJECTIONS FOR ONSHORE OVERNIGHT WIND
CosTs
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Sources: Ryan Wiser, et al,, Recear Developents in the Levelized cosr of Energy From U.S. Wind Power
Projeces, NREL, February 2012; Eric Lantz, Maurcen Hand and Ryae Wiser, The Pasr and Furure cost of
Wind Energy, NREL, August 2012; California Energy Commission, Cost of Cenral Station Generation,
January 2012,

ExHisIT IV-8: KEY COsT TRENDS FOR SOLAR POWER: LAZARD LEVELIZED COST
FOR SOLAR AND COMBINED CYCLE
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Exhibit IV-9 combines the Lazard projections with recent, pust cost trends as
estimated by analysts at Lawrence Berkeley Laboratory. There is no reason to believe
that the pressures on the market clearing price from alternative sources of supply will
ease.

EXHIBIT IV-9: TRENDS & PROJECTIONS FOR SOLAR
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Source: Laward, Levelized Cosr of Energy Analysis - Version 5.0, June 2013; Galen Barbese, et al,, Photovaliaic
(PV) Pricing Trends: Histutical, Recern, and Near-Term Projectfons, LBL and NREL, November 2012,

Demand

On the demand side, while there is certain to be a great debate about how
much the reduction in clectricity consumption reflects the recession, there is no doubt
that increasing efficiency will change the trajectory of demand (see Fxhibir 11-10).
"The long term trend to declining electricity consumption per dollar of GDP has
accelerated recently and the trend to less fossil fuel consumption in the vtility sector
per dollar of GDP has increased even more.

With new building codes and appliance efficiency standards, per capita energy
consumption will decline significantly over the next two decades.™ The decline will

M New building cades ¢all for a 30 percent reduction i vnergy consumption in new building designs. Since the oldest,
least efficient buildings are likely to he replaced, the effect will be larger than that. The stock changes stowly however,
Appliance efficiency standards have heen raised in recent years and the Obama administsation has annoanced a
program to raise standards on many appliances in the range of 20 to 30 percent. Since the lite cycle of appliances is
much shorter than huildings, over the course of two decade most appliances wilt be replaced by morc efficient models.
Qwver the next couple of decades, real GDP is projected to grow at xx percent per year, which rould easily be offser by
higher efficiency of electricity using consunier dursbles
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offset increases in population and GIDP, resulting in, at best, flat aggregate demand. 55
The debate over climate change has also placed great emphasis on improving
efficiency and using renewables. 56

Exrusrt 111-10: DEMAND rOR FossiL FUEL GENERATING CAPACITY:
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With aggregate demand likely to b flat, at best, and renewable costs falling and
output rising, the downward pressure on market clearing prices is likely to continue. It
appears likely that the pressures on the market clearing price will continue for the
period in which decisions about retiring aging nuclear reactors will be made.

C. CONCLUSION

Nuclear economics have always been marginal at best. The first cohort of
commetcial reactors was much more costly than the available alternatives, but those
reactors were forced online by a regulatory system that did not have a matket to look
10, of care to do so even if one existed. It can be argued that the locomotive that
pulled half the nation toward restructuring and much greater reliance on market

s Mark Cooper, Brilding on the Succesr of Energy Efficiency Progroms te Envwre an Affovdabie Energy Frtwe, February 2010;

6 Mark Conpet, A Congurer Anafyis of Fnergy Bffictency and Renwable Energy Standards: The Cornerstone of Consumer Fristdly
Energy) Environmental Policy, Nay 2009, Th Inpact of Maximaging Energy Eficiensy on Residential Elechicity ami Natwral Gas
Uisdisy Bedl an v Carbon-Constrarned Evpironment: Extioater of National and State-By State Consomer Sovngs, 2009
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signals was the reaction against the excessive costs of nuclear power.”’ Some
advocates of restructuring loudly declared restructuring would prevent another
nuclear fiasco.”

Ironically, it appears that an unintended consequence of the shift woward
markets will be to force the eatly retirement of the very reactors that a market never
would have allowed to be builtin the first place. While half the country does not rely
on markets to set the price of electricity, the presesice of markets across the country
sends strong signals to regulators that keeping aging reactors online, especially if they
need repairs or retrofits, does not make economic sense. Thus, although the outcome
is ironic in the long sweep of nuclear history in the U.S. it is petfectly consistent with
the fundamental econosmnics of nuclear power throughout that history.

While the purpose of the Wall Street analysis is to advise and caution investors
about utilidies that own the aging fleet of at-risk reactors, my purpose is to inform
policymakers about and prepare them for the likelihood of catly retirements. By
explaining the cconomic causes of eatly retirements, the policymakers will be better
equipped to make economically rational responses to those retirements (or the threat
of retirement).

Econoniic reality has stammed the door on nuclear power.

* |n the near-term old reactors are uneconomic because lower cost
alternatives have squeezed their cash margins to the point whete they no
longer cover the cost of nuclear operation.

® In the mid-term, things get worse because the older reactors get, the less
viable they become.

¢ In the long term new reactors are uneconomic because there are
numerous low-carbon alternatives that are less costly and less risk.

The lesson for policy makers in the economics of old reactors is clear and it
reinforces the lesson of the past decade in the economics of building new reactors.
Nuclear reactors are simply not competitive. They have never been competitive at the
beginning of their life cycle, when the build/cancel decision is made, and they are not
competitive at the end of their life cycles, when the repair/tefire decision is made.
They are not competitive because the U.8. has the technical ability and a rich, diverse

57 Severin Borenstein and James Bushnell, “Elecidcity Restructuring: Deregulation Or Rercgulation?,” Reprlation, 23:2, p.
47, Other states—those that bad not pursued nuctear power and bad heen more cautious in signing Jong -term
contracts under PURPA~—retained relatively low prices. Thar conteast was probably the driving force hehind the
restructuring movement jo the United Stares.

3 James Cook, “Nuclear Follies,” Forbes, February 11, 1985, uses the term “llasco ”
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resoutce base to meet the need for electricity with lower cost, less risky alternatives.
Policy efforts to resist fundamental economic reality of nuclear power will be costly,
ineffective and counterproductive.
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Guzman, Richard

From: Jessica Azulay <jessica@allianceforagreeneconomy.org>

Sent: Monday, July 22, 2013 5:28 PM

To: Guzman, Richard

Subject: G20130211 - supplementary information

Attachments: 2206_FitzPatrick-Pilgrim-VY_7-22.pdf; entergy_2Q2013_earnings.pdf;

theadvocate_entergy_workforce.pdf; vtdigger_vy_workforce.pdf; 071713 VLS Cooper at
risk reactor report FINAL1.pdf

Categories; Action

Mr Guzman,
Please find attached communication and documents regarding the 2.206 petition G20130211.

Thank you,
Jessica Azulay

Jessica Azulay

Staff Organizer

Alliance for a Green Economy
315.480.1515

jessica@allianceforagreeneconomy.org
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